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SUMMARY
One pitfall in 24- hour urine collection is the input of 
incorrect urinary volume by the reference laboratory. This 
may lead to an incorrect diagnosis of pheochromocytoma 
or paraganglioma. A 48- year- old African- American 
woman was seen in the clinic for an elevated 24- hour 
urine metanephrine screen during workup for secondary 
hypertension. Urine volume was found to be incorrectly 
inputted by the lab as 9750 mL rather than 975 mL. The 
urinary metanephrines were then recalculated and the 
24- hour urinary metanephrines resulted within normal 
limits. This case highlights this unique and potentially 
under- recognised error in testing with 24- hour urine 
volume collection.

BACKGROUND
Since 1956, when Armstrong et al reported the 
presence of catecholamine products in the urine, 
testing methodologies have gradually improved in 
detecting pheochromocytoma and paraganglioma 
(PPGL).1 The measurement of fractionated 24- hour 
urinary metanephrines is now one of the standard 
first line tests to detect PPGL.2 Detection accu-
racy and precision of urinary metanephrines have 
improved further with implementation of mass 
spectrometry.3 Even with improved accuracy in 
analytical results, the 24- hour urine collection in 
the real world can be fraught with errors. Specifi-
cally, errors in urine results can occur in the prean-
alytical phase, defined as the errors that occur from 
physician order to the point of laboratory testing.4

These errors in laboratory medicine can occur 
despite dedicated technicians with high- quality 
processes in place to avoid such errors. The 
frequency of laboratory errors is reported at a rate 
of 0.012%–0.6%.5 Since 80%–90% of the clin-
ical decision making is based on labs, this small 
percentage can substantially affect patient care.5 
Clinician’s should be cognizant of this possibility 
and this case highlights the errors that can occur 
with 24- hour urine collection and approaches to 
avoid these diagnostic pitfalls.

CASE PRESENTATION
A 48- year- old African- American woman was 
referred to the endocrine clinic for treatment of 
PPGL. Endocrine workup for thyroid disorder and 
hyperaldosteronism was ruled out, but she was 
found to have marked elevation in 24- hour urine 
metanephrines. She was diagnosed with PPGL and 
underwent further evaluation with CT scan of the 

adrenals that did not identify any adrenal nodules 
or abnormalities.

She was referred to the endocrine clinic for 
further evaluation. Her workup was notable for 
two episodes of hypertensive urgency where she 
required treatment in the emergency room. She 
denied any symptoms of pheochromocytoma. She 
was on metoprolol, valsartan and chlorthalidone 
for blood pressure control. No other significant 
medical conditions reported. She denied any family 
history of PPGL, early heart disease or stroke. 
Physical examination was overall unremarkable. 
Her laboratory data reported marked elevation in 
urinary metanephrines at 995 µg/24 hours (normal 
45–290 µg/24 hours) and normetanephrine at 
3393 µg/24 hours (normal 80–500 µg/24 hours). 
However, both 24- hour urinary and plasma meta-
nephrines were repeated and resulted within 
normal limits.

OUTCOME AND FOLLOW-UP
Due to the significant discrepancy in results, her 
prior urinary samples were scrutinised. The refer-
ence laboratory was contacted, and it was discov-
ered that the measurements were calculated with 
a urinary volume of 9750 mL. After querying the 
patient, she reported a urinary volume of approx-
imately 1 L. It was deduced that the actual urinary 
volume was 975 mL and not 9750 mL. The urinary 
metanephrines was recalculated and the 24- hour 
urinary metanephrines resulted within normal 
limits at 99 µg/24 hours for metanephrines and 339 
µg/24 hours for normetanephrines. The patient was 
reassured of results and blood pressure was opti-
mised with adjustment in antihypertensive medica-
tions. No further medical issues were reported.

DISCUSSION
The measurement of fractionated 24- hour urinary 
or plasma metanephrines (metanephrines and 
normetanephrines) is the standard first- line screen 
for PPGL. There is controversy on which is consid-
ered the best initial screening test.2 Plasma meta-
nephrines have a higher sensitivity (96%–100%) 
but it is less specific than 24- hour metanephrines 
(77%–89%).6 Twenty- four- hour urine metaneph-
rines have a sensitivity of 97% and a specificity of 
85%–91.1%.6 7 Measurement of 24- hour meta-
nephrines combined with 24 hour urine catechol-
amines increases the specificity to 98%.7 Sawka et 
al at Mayo Clinic has proposed measurement of the 
two methods based on pretest probability of PPGL.6 
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In patients with high suspicion for PPGL, the recommendation is 
plasma metanephrines.6 In patients with low pretest probability 
of PPGL, the recommendation is 24- hour urine metanephrines. 
Though this is the standard recommended practice, institu-
tions often use plasma metanephrines as an initial screening test 
because 24- hour urine collection can be fraught with errors and 
burdensome to patients.2

Preanalytical errors in collection of 24- hour urine is quite 
frequent, with studies reporting a collection accuracy of 
50%–51% p=0.017.8–10 Undercollection or overcollection of 
24- hour urine is the most common error in urinary collection 
accuracy.8 Excessively high urine volumes will lead to false 
elevation, and low urine volume collection will conversely lead 
to falsely low results. Despite detailed instructions, one- third 
of the patients changed their fluid intake habits to increase 
urinary volume.11 Another complicating factor is the possibility 
of using the wrong urine preservative for the 24 hours urine 
collection. Interestingly, in our patient’s case, the error occurred 
with actual input of laboratory data. With urine collection, the 
volume must be manually entered by the laboratory technician 
to calculate the 24- hour urine laboratory result. The frequency 
of errors that occur from incorrect technician input is unknown, 
but this specific type of error is believed to be a unique cause 
of an abnormal 24- hour urine result. Given that the laboratory 
errors from a human factor is high as 80%, it is possible that this 
error may occur more frequently than recognised.12 To avoid 
this possibility, the clinician should always review and confirm 
that the urine volume is appropriate for the 24- hour collec-
tion. By using basic stoichiometry, we were able to calculate the 
actual patient’s urinary metanephrines based on the aliquot and 
corrected urinary volume.

Due to issues associated with 24- hour urine collection, guide-
lines for PPGL recommend measurement of 24- hour urinary 
excretion creatinine to verify completeness. Collecting creatinine 
simultaneously with metanephrines can help confirm adequacy. 
Daily creatinine excretion is approximated at 20–25 mg/kg of 
lean body weight in males and 15–20 mg/kg of lean body weight 
in females up to 50 years of age.13 There is a gradual decline in 
creatinine beyond 50 years of age due to loss of muscle mass. 
Other formulas are available that take race, sex and serum phos-
phate into account in estimating creatinine.14 Another study has 
validated use of a creatinine ratio formula to correct for overcol-
lection and undercollection of 24- hour urine results.15 Though 
measured 24- hour creatinine cannot be assumed to guarantee 
accurate measurement, it can help as a surrogate in assessing 
collection accuracy.14

A 24- hour urine collection will likely remain the standard 
for PPGL screening, but there have been alternative collection 
strategies proposed in detecting urinary metanephrines. Since 
catecholamines have a diurnal excretion, morning urine void 
was shown to be effective with similar diagnostic sensitivity and 
specificity as 24- hour urine collection.16 17 Other studies have 
proposed the potential of spot urine metanephrine to creatinine 
ratios via direct electrochemical measurement.16 18 19

In summary, a 24- hour urine collection is an important 
screening test to diagnose PPGL. Clinicians must be able to iden-
tify potential errors in a 24- hour calculation that occurs with 
urine collection. Identifying these errors will reduce diagnostic 
uncertainty and inappropriate treatment. This not only applies 
to detection of PPGL in urinary metanephrine collection, but 
also applicable to all 24- hour urine collection samples for other 
medical conditions.

Contributors All listed authors (TS, TDH, MTP and MKMS) were involved with 
authoring and reviewing this case report.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Disclaimer  The authors are employees of the United States Government. This 
work was prepared as part of their official duties. Title 17 U.S.C. §105 provides that 
“Copyright protection under this title is not available for any work of the United 
States Government.” Title 17 U.S.C § 101 defines a U.S. Government work as a work 
prepared by a military service member or employee of the U.S. Government as part 
of that person’s official duties. The identification of specific products or scientific 
instrumentation is considered an integral part of the scientific endeavor and does 
not constitute endorsement or implied endorsement on the part of the author, 
DoD, or any component agency. The views expressed in this article are those of the 
author and do not reflect the official policy of the Department of Defense or the U.S. 
Government.

Competing interests None declared.

Patient consent for publication Obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work 
is properly cited and the use is non- commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/.

REFERENCES
 1 Armstrong MD, Shaw KN, Wall PE. The phenolic acids of human urine; paper 

chromatography of phenolic acids. J Biol Chem 1956;218(1:293–303.
 2 Lenders JWM, Duh Q- Y, Eisenhofer G, et al. Pheochromocytoma and paraganglioma: 

an endocrine Society clinical practice guideline. J Clin Endocrinol Metab 
2014;99:1915–42.

 3 Eisenhofer G, Peitzsch M, Kaden D, et al. Reference intervals for plasma 
concentrations of adrenal steroids measured by LC- MS/MS: impact of gender, age, 
oral contraceptives, body mass index and blood pressure status. Clin Chim Acta 
2017;470:115–24.

 4 Abdollahi A, Saffar H, Saffar H. Types and frequency of errors during different phases 
of testing at a clinical medical laboratory of a teaching hospital in Tehran, Iran. N Am J 
Med Sci 2014;6:224–8.

 5 O’Kane M. The reporting, classification and grading of quality failures in the medical 
laboratory. Clin Chim Acta 2009;404:28–31.

 6 Sawka AM, Jaeschke R, Singh RJ, et al. A comparison of biochemical tests for 
pheochromocytoma: measurement of fractionated plasma metanephrines compared 
with the combination of 24- hour urinary metanephrines and catecholamines. J Clin 
Endocrinol Metab 2003;88:553–8.

 7 Perry CG, Sawka AM, Singh R, et al. The diagnostic efficacy of urinary fractionated 
metanephrines measured by tandem mass spectrometry in detection of 
pheochromocytoma. Clin Endocrinol 2007;66:703–8.

 8 Boyd C, Wood K, Whitaker D, et al. Accuracy in 24- hour urine collection at a tertiary 
center. Rev Urol 2018;20:119–24.

 9 Sawyer MD, Dietrich MS, Pickens RB, et al. Adequate or not? A comparison of 24- hour 
urine studies for renal stone prevention by creatinine to weight ratio. J Endourol 
2013;27:366–9.

 10 McGuire BB, Bhanji Y, Sharma V, et al. Predicting patients with inadequate 24- 
or 48- hour urine collections at time of metabolic stone evaluation. J Endourol 
2015;29:730–5.

 11 Miler M, Simundić A- M. Low level of adherence to instructions for 24- hour urine 
collection among hospital outpatients. Biochem Med 2013;23:316–20.

 12 Szecsi PB, Ødum L. Error tracking in a clinical biochemistry laboratory. Clin Chem Lab 
Med 2009;47:1253–7.

Learning points

 ► A 24- hour urinary metanephrines may be falsely abnormal 
due to incorrect input of urinary volume.

 ► The clinician should review and confirm the urinary volume in 
all patients that complete a 24- hour urine volume collection 
to ensure results are accurate.

 ► The clinician may reduce uncertainty of appropriate 24- hour 
urine collection by pairing the collection with 24- hour urinary 
creatinine.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1258/000456304322664663
http://dx.doi.org/10.1210/jc.2014-1498
http://dx.doi.org/10.1016/j.cca.2017.05.002
http://dx.doi.org/10.4103/1947-2714.132941
http://dx.doi.org/10.4103/1947-2714.132941
http://dx.doi.org/10.1016/j.cca.2009.03.023
http://dx.doi.org/10.1210/jc.2002-021251
http://dx.doi.org/10.1210/jc.2002-021251
http://dx.doi.org/10.1111/j.1365-2265.2007.02805.x
http://dx.doi.org/10.3909/riu0807
http://dx.doi.org/10.1089/end.2012.0203
http://dx.doi.org/10.1089/end.2014.0544
http://dx.doi.org/10.11613/BM.2013.038
http://dx.doi.org/10.1515/CCLM.2009.272
http://dx.doi.org/10.1515/CCLM.2009.272


3Shin T, et al. BMJ Case Rep 2021;14:e241147. doi:10.1136/bcr-2020-241147

Case report

 13 Walser M. Creatinine excretion as a measure of protein nutrition in adults of varying 
age. JPEN J Parenter Enteral Nutr 1987;11:73S–8.

 14 Ix JH, Wassel CL, Stevens LA, et al. Equations to estimate creatinine excretion rate: the 
CKD epidemiology collaboration. Clin J Am Soc Nephrol 2011;6:184–91.

 15 Mann SJ, Gerber LM. Addressing the problem of inaccuracy of measured 24- hour 
urine collections due to incomplete collection. J Clin Hypertens 2019;21:1626–34.

 16 Peitzsch M, Kaden D, Pamporaki C, et al. Overnight/first- morning urine free 
metanephrines and methoxytyramine for diagnosis of pheochromocytoma and 
paraganglioma: is this an option? Eur J Endocrinol 2020;182:499–509.

 17 Peaston RT, Lennard TW, Lai LC. Overnight excretion of urinary catecholamines 
and metabolites in the detection of pheochromocytoma. J Clin Endocrinol Metab 
1996;81:1378–84.

 18 Shi Z- H, Zhang X- Q, Zhen Q- N, et al. Direct electrochemical measurement of 
metanephrines in spot urine samples for the diagnosis of phaeochromocytomas. Sci 
Rep 2017;7:8041.

 19 Zuo M, Zhen Q, Zhang X, et al. High specificity of spot urinary free metanephrines in 
diagnosis and prognosis of pheochromocytomas and paragangliomas by HPLC with 
electrochemical detection. Clin Chim Acta 2018;478:82–9.

Copyright 2021 BMJ Publishing Group. All rights reserved. For permission to reuse any of this content visit
https://www.bmj.com/company/products-services/rights-and-licensing/permissions/
BMJ Case Report Fellows may re-use this article for personal use and teaching without any further permission.

Become a Fellow of BMJ Case Reports today and you can:
 ► Submit as many cases as you like
 ► Enjoy fast sympathetic peer review and rapid publication of accepted articles
 ► Access all the published articles
 ► Re-use any of the published material for personal use and teaching without further permission

Customer Service
If you have any further queries about your subscription, please contact our customer services team on +44 (0) 207111 1105 or via email at support@bmj.com.

Visit casereports.bmj.com for more articles like this and to become a Fellow

http://dx.doi.org/10.1177/014860718701100510
http://dx.doi.org/10.2215/CJN.05030610
http://dx.doi.org/10.1111/jch.13696
http://dx.doi.org/10.1530/EJE-19-1016
http://dx.doi.org/10.1210/jcem.81.4.8636337
http://dx.doi.org/10.1038/s41598-017-08612-8
http://dx.doi.org/10.1038/s41598-017-08612-8
http://dx.doi.org/10.1016/j.cca.2017.12.026

	False elevations in urinary metanephrines: under-recognised pitfall with 24-hour urinary volume collection
	Summary
	Background
	Case presentation
	Outcome and follow-up
	Discussion
	References


